In the midwestern and eastern U.S., oaks (Quercus spp.) have been a dominant component of forests for at least the last 10,000 years, providing vital habitat for numerous wildlife and plant species that have adapted to oak forest conditions. However, the current state of these oak systems, in which there has been a general lack of successful oak regeneration and recruitment and an increase in the relative dominance of mesophytic species, may be nearing critical thresholds. If reached, restoring oak systems through natural regeneration and other methods, such as prescribed fire, may become especially challenging if not impossible. An understanding of spatial variation in oak dominance over time can inform and potentially improve the efficacy of intervention strategies. Using Public Land Survey and Forest Inventory and Analysis (FIA) inventories, we evaluated changes in the composition of timberland across ecoregional subsections in the Driftless Area of the Midwest at three time periods (pre-settlement 1800s, 1990s, and 2000s). We identified an overall decrease in oak dominance, and particularly dominance of the white oak (Quercus alba L., Q. macrocarpa Michx., and Q. bicolor Willd.) species group since the presettlement era, and an increase in other eastern soft hardwoods. Within the last 20 years, both the red oak (Q. rubra L., Q. ellipsoidalis E.J. Hill and Q. velutina Lam.) and white oak species groups decreased in dominance, with an increase in hard maple-basswood (A. saccharum Marsh., A. nigra L., and Tilia americana L.) species group dominance, indicating further mesophication of forests in the region. However, we found a notable decrease in hard maple-basswood relative dominance within the small diameter class across most of the regions within the last 10-20 years, with an increase in dominance of other, non-oak, species. Our findings complement qualitative evidence from interviews with natural resource professionals from the region and offer further information on the potential for forest conversion to ''undesirable'' forest conditions, as identified as a source of concern by some professionals. There was spatial variation in these trends, however, with some pronounced differences across adjacent state boundaries. The variation in forest change across state boundaries suggests the role of state-level socioeconomic and policy factors in affecting forest conditions, and thus the potential for a targeted and timely approach to promoting preferred pathways of change. 
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Introduction
Oak-dominated forests (Quercus spp.) of the midwestern and eastern United States are experiencing substantial changes, as the combination of natural succession and human-related factors have created conditions that typically favor more mesic, shade-tolerant, broad-leaved forest types (termed the ''mesophication'' of the forests; Nowacki and Abrams, 2008) . The consequences of this conversion may have profound impacts on ecosystem services. For instance, oaks provide important resources for a variety of plants and animals (McShea and Healy, 2002; Rodewald and Abrams, 2002; Fralish, 2004) and are highly valued by society for economic and cultural reasons (Starrs, 2002 ). Yet, management to promote and retain oak as a dominant forest component is fraught with difficulties, including the need for adequate forest disturbance. For example, prior to Euro-American settlement, the disturbance of oak forests by periodic fire was common (Abrams, 1992) early-to mid-successional, fire-adapted oak forests maintained a competitive advantage over later-successional forest types. Spatial variation in fire disturbance maintained landscape-level heterogeneity of ecosystem types (Nowacki and Abrams, 2008) . Changing land ownership patterns and management decisions since settlement have contributed to altered fire regimes, particularly fire exclusion, and consequently early-to mid-successional communities have subsequently dwindled in extent (Williams, 1989; Askins, 2001; Hanberry et al., 2012) . Presently, fire suppression and widespread selective harvesting (often high-grading) of oak forests have led to within-stand and landscape-level forest homogeneity, favoring later-successional forest types (Kittredge et al., 2003; Nowacki and Abrams, 2008; Rhemtulla et al., 2009) .
Forest managers seeking to promote oak regeneration face combined ecological, economic, and social issues that inhibit the efficacy of typical oak management prescriptions, such as overstory removal and prescribed fire (Knoot et al., 2009) , especially since the majority of forestland in the U.S. is privately owned (Butler and Leatherberry, 2004) . Periodic disturbance is crucial to the persistence of oak (Johnson et al., 2009 ), but management aimed at maintaining or restoring early-to mid-successional types may appear counterintuitive to conservation-minded small private landowners (Askins, 2001 ). In addition, trends in forest parcelization and land tenure in the U.S. (Best and Wayburn, 2001; Zhang et al., 2009 ) reduce the likelihood that landowners will embrace the long-term land management perspectives that are required for perpetuating oak (Knoot et al., 2010) .
The current state of oak forests in the midwestern and eastern U.S., in which there has been a general lack of successful oak regeneration and recruitment and an increase in the relative dominance of mesophytic species, may be nearing critical thresholds. If reached, restoration through natural regeneration and other methods, such as prescribed fire, may become especially challenging, if not impossible (Nowacki and Abrams, 2008 ). Yet, changes in forest composition can be highly variable across the landscape, likely due to complex and interacting driving factors (Fei et al., 2011) . For example, social forces, including but not limited to forest parcelization and short land tenure, constrain landowner decision making regarding oak at multiple spatial scales (Knoot et al., 2010) . Ecological drivers of forest change (e.g., availability of oak regeneration, soil moisture availability) also occur at multiple scales and vary over space and time (Iverson et al., 1997; Nowacki and Abrams, 2008; McEwan et al., 2011) . There are a variety of policy mechanisms, including economic incentives, which could be used to encourage landowners to conserve oak (Fischer and Bliss, 2008) . But spatially informed approachesthose which identify regions where forest change is most rapid and pronounced or where forest composition appears stablecould help increase the effectiveness of the limited funding devoted to landowners assistance.
The purpose of our research was to evaluate the magnitude and direction of forest change among three time periods-1832-1857, 1990-1996, and 2006-2010- across the Midwest Driftless Area, particularly focusing on change in the dominance of oaks. This region of the Midwest has experienced an overall decrease in the total spatial extent and dominance of oak-hickory forests over the last century and half (Rhemtulla et al., 2009 ). Yet, questions remain concerning how different species groups of oaks have changed over time relative to other dominant tree species and whether trends in oak forest composition follow similar trajectories in other regions (Abrams, 2003) . We address three main questions in this study: (1) To what extent has the dominance of different oak species groups, relative to other tree species groups, changed over time? (2) Are changes in forest composition consistent across the region or, alternatively, do trajectories vary depending on location? (3) What is the likely future trajectory of change? We expect this quantitative assessment of the spatial variation in forest change across the region can promote dialogue on preferred alternative futures for the forest resources, how to attain them, and the development of targeted policies to achieve such visions.
Methods

Study area
The Driftless Area, also known as the Paleozoic Plateau or Blufflands, is roughly 50,000 km 2 in size, is dissected by the Mississippi River flood plain, and includes portions of Minnesota, Wisconsin, Iowa, and Illinois (Fig. 1 ). This geologically unique region was circumvented by ice during the most recent glaciation (Hobbs, 1999) and is characterized by a loess-capped plateau and steep ravines formed by several large rivers that flow through the region. Prairie soils can be found on the ridges, with thick silt loams (loess) covering cherty residuum, with an underlying dolomite bedrock, and silt loam over sandstone on valley walls found in some parts of the region (Albert, 1995) . Soils are typically considered Udalfs, with Udolls on the valley floors (Albert, 1995) . The Driftless Area is considered part of the humid, hot continental climate division (mean annual precipitation = 82 cm, mean January temperature = À9.7°C, mean July temperature = 22.3°C; Wendland et al., 1992) , and is contained within the eastern deciduous forest province (Bailey, 1983) . Historically, the Driftless Area was composed of diverse land cover types including tallgrass prairie, oak savanna, and sugar maple-basswood forest (Albert, 1995; Shea et al., 2014) . The landscape has experienced pronounced changes in land cover over the last century and half, as much of the savanna and prairie were replaced by agricultural lands (Rhemtulla et al., 2007) and the suppression of fire promoted a greater extent of closed-canopy forests (Curtis, 1959) . Currently the landscape is composed primarily of agricultural lands and deciduous forest (Fry et al., 2011) .
Description of data
We evaluated changes in tree species group relative dominance in the Driftless Area using Public Land Survey (PLS) and the USDA Forest Service Forest Inventory and Analysis (FIA) program data. Pre-settlement relative dominance was derived from Public Land Survey records collected in the Driftless Area from 1832 to 1857. The PLS was established by the U.S. General Land Office as a means of demarcating 1.6 km by 1.6 km (1 mi by 1 mi) section boundaries for sale and settlement. PLS surveyors marked the intersection points of each section (section corners) and halfway between the section corners (quarter corners), while also blazing and taking notes on two to four ''witness'' trees near corner points. In their notes, surveyors kept track of species, diameter, azimuth, and distance from corner for each witness tree. In the Driftless Area, surveys were completed before widespread Euro-American settlement. Because these records are extensive and provide spatially explicit information on vegetation and other landscape features, PLS records have been widely used by researchers to identify pre-settlement vegetation in various regions of the Midwest and elsewhere (Schulte and Mladenoff, 2001 ). We used data from a geographic information system (GIS) database containing PLS witness tree information (the species, diameter, azimuth, and distance from corner) for all section and quarter corners in the Driftless Area (Shea et al., 2014) . While there is some degree of error in the PLS witness tree records, typically associated with surveyor bias, our use of the data to assess relative changes in species group dominance across broad spatial scales limits the impact of surveyor bias (Schulte and Mladenoff, 2001; Liu et al., 2011 (Smith, 2002) . For more than 80 years, each state's forestland has been surveyed on a cycle of about every 8-15 years; the dates for each survey varied by state (USDA Forest Service, 2013) . In accordance with specifications set forth in the Farm Bill of 1999, the FIA program began an annual inventory of measuring plots in each state each year, completing a full survey of the plots over a five-year period within eastern states (over ten years in western states), providing timely information for managers and policy makers (O'Connell et al., 2014) . We focused our analysis on the Wisconsin, Iowa, and Minnesota subsections of the study region, excluding subsections in Illinois from further analysis given the limited number of FIA inventory plots available for analysis in that part of the Driftless Area. FIA establishes plots on both forested and nonforested conditions, but in these states only plots in forested conditions are measured in the field; we constrained our analyses to forested FIA plots. We compared FIA data collected in the most recent periodic surveys for each state and year where digital data were available (Iowa, 1990; Minnesota, 1990; and Wisconsin, 1996 ; considered hereafter the ''previous'' inventories) to the data collected through ''annual'' inventories (completed from 2006-2010) , hereafter considered ''current'' inventories. All FIA data was extracted from the Forest Inventory and Analysis Database (FIADB), available online at http://apps.fs.fed.us/fiadb-downloads/ datamart.html. Publicly available FIA data involves the process of perturbing plot locations, where a portion of plots are ''swapped'' with other plot locations to protect data confidentiality and owner privacy (LaPoint, 2005) . To limit the potential effects of swapping inventory plot data we used true plot locations and the data were summarized to the level for analysis that preserves data security.
Data analysis
We evaluated forest conditions within subsection-level ecosystems that comprise the Driftless Area (Fig. 1) . Subsections are one of the ecological units within the U.S. Forest Service's hierarchical framework (Cleland et al., 1997; McNab et al., 2007) . Similar patterns in climate, physiography, geologic substrate, and potential natural communities designate subsection boundaries (Cleland et al., 1997) . There are six subsections that compose the study region, including the Western Paleozoic Plateau (Lf; Fig. 1 ), that covers portions of Minnesota and Iowa, and the Mississippi-Wisconsin River Ravines subsection (Lc; Fig. 1 ) that includes portions of all four states. Four additional subsections are located primarily in Wisconsin (La-Menominee Eroded Pre-Wisconsin Till, Lb-Melrolse Oak Forest and Savannah, Ld-Kickapoo-Wisconsin River Ravines, and Le-Mineral Pint Prairie-Savannah; Fig. 1 The number of forested FIA inventory plots collected per unit of analysis ranged from 51 to 375 in the periodic inventories, which is similar to the range of inventory plots in the current, annual forest inventories (range of 45-456 plots) ( Table 1) .
To compare pre-settlement and post-settlement relative dominance, tree species were combined into broader groups, and adapted from USDA Forest Service FIA species groups, because some species were not well represented across the region. We developed three larger groupings of those species of interest: (1) white oak species group including white oak (Quercus alba L.), bur oak (Q. macrocarpa Michx.), and swamp white oak (Q. bicolor Willd.); (2) red oak species group including northern red oak (Q. rubra L.), northern pin oak (Q. ellipsoidalis E.J. Hill), and black oak (Q. velutina Lam.); and, (3) hard maple-basswood group including sugar maple, black maple (A. nigra Michx.), and American basswood (Tilia americana L.). These consolidated tree species groups provided greater specificity than allowed by an analysis by forest type, while also resulting in greater sample sizes than allowed by individual species. The remaining FIA species groups that we assessed were considered to be well-represented across the region, and included: hickory (bitternut hickory [Carya cordiformis (Wangenh. . We evaluated forest change by comparing the relative dominance of these species groups among time periods. Within each subsection, we calculated the relative dominance using basal area of all live trees within each species group on timberland using trees >2.54 cm (1 in.) in diameter at breast height (dbh) and the following equation:
where RD is relative dominance, n is the number of species groups, and m is the number of individuals of a given species group in the subsection and basal area ij is the basal area of individual j of species group i. To evaluate long-term as well as recent changes in tree species composition of the Driftless Area, we examined the relative dominance of tree species groups in each time period through a combination of tabular, graphical and map-based representations. We analyzed changes in species group dominance over time using nonmetric multidimensional scaling (NMS) and multi-response permutation procedure (MRPP). Both NMS and MRPP were performed using PC-ORD (McCune and Mefford, 1999) with the Bray-Curtis (Sørensen) distance measure. Both of these non-parametric techniques are appropriate for ecological community data (McCune and Grace, 2002) , such as ours. NMS was used to evaluate pathways of change in dominance among species groups over the three time periods at the subsection level. We used an automated search with a random starting configuration, 250 iterations with the real data, and at least 250 runs to evaluate stability. Preliminary analyses were run with up to six dimensions, but a substantial amount of stress reduction was achieved with the first two axes. Our final configuration had a final stress of 8.94 and instability of <0.00001 based on 43 iterations, and explained a substantial amount of the variation in the data (cumulative r 2 = 0.96). The level of stress in this configuration is considered low and indicates that there is little risk of drawing false inferences (McCune and Grace, 2002) . Pearson correlations for each species group were calculated with the resulting ordination axis scores, from which the axes were interpreted. We used MRPP to evaluate differences in community composition between time periods. Each time period (pre-settlement, previous, and current) was defined as a group; the groups were composed of the data from each subsection in the corresponding time period. We used pairwise comparisons to determine whether composition varied significantly between each of the time periods.
As relative dominance predominantly reflects changes in the basal area of larger trees, we further evaluated modern trajectories of change between previous and current FIA inventories (roughly 20 years) by describing relative dominance according to three stand-size classes for stocked stands, with at least 10% full stocking, to develop a more comprehensive understanding of changes in forest structure. Each FIA plot was assigned a stand-size class-large, medium, or small-classified according to the predominant size of live trees present, based on stocking. As specified by the USDA Forest Service FIA inventory handbook, standsize classes were defined differently for hardwoods and softwoods: ''large'' stand-size class, trees >27.9 cm diameter at breast height (dbh) for hardwoods and >22.9 cm dbh for softwoods; ''medium'' stand-size class, trees 12.7-27.7 cm dbh for hardwoods and 12.7-22.6 cm dbh softwoods; and ''small'' stand-size class, trees <12.4 cm dbh (O'Connell et al., 2014) . For each subsection we calculated relative dominance of tree species groups within each stand-size class. We specifically assess trajectories of change in the smaller stand-size classes.
Results
Composition over three time periods
Prior to European settlement, forestland in the region was largely dominated by the white oak species group (59%), followed to a lesser degree by the red oak species group (18%), hard maple-basswood (9%) and other eastern soft hardwoods (5%) (Fig. 2, Appendix A) . Since pre-settlement times, the region has seen an overall loss of white oak dominance, with an initial decrease in mean dominance by over 40% between pre-settlement and early FIA records (1990s), and a continued decrease between the previous (1990s) and more current FIA surveys (2010) of 3.5% (Fig. 3) . In contrast, we found the red oak species group to experience a slight increase between pre-settlement time periods and the previous FIA survey (1.4%), but then decrease in dominance by 4.3% in the last 10-20 years (Fig. 3) . All other tree species groups that were evaluated experienced an increase between pre-settlement and previous FIA records (Figs. 2 and 3) ; most pronounced is the increase of nearly 16% in dominance of the ''other eastern soft hardwoods'' tree species group (Fig. 3) . Between the previous and current FIA surveys (10-20 years), hard maple-basswood had the greatest increase (+2.6%) compared to other species groups, some of which experienced a slight increase of 1% (i.e., other eastern soft hardwoods, ash, hickory), a slight decrease (i.e., cottonwood), or have stayed the same, such as noncommercial tree species (Fig. 3) .
We noted considerable variation in the relative dominance and change in dominance across subsections. For the three most dominant groups during the pre-settlement period (i.e., white and red oak, and hard maple-basswood), white oak dominance varied widely from 28% in the northern subsection of Wisconsin (Menominee Eroded Pre-Wisconsin Till, LaWI), to 82% in the southern subsection of Wisconsin (Mineral Point Prairie-Savanna, LeWI) (Fig. 4 , Appendix A). The lower dominance of white oak in the northern subsection of Wisconsin parallels findings from a recent study by Shea et al. (2014) , in which the this portion of the Driftless Area consisted of more diverse tree species cover classes, some of which were associated with areas of sandy glacial outwash.
Current dominance of the white oak group ranges between 9% in the Mississippi-Wisconsin River Ravines (LcIA) and KickapooWisconsin River Ravines (LdWI) subsections to 26% in the southern most subsection in Wisconsin (Mineral Point Prairie-Savanna, LeWI) (Fig. 4) . Overall total declines in dominance between presettlement and the previous FIA inventories in the 1990s ranged between a loss of 12% dominance in the Menominnee Eroded Pre-Wisconsin Till subsection (LaWI) to a loss of 56% dominance in the Mineral Point Prairie-Savanna subsection (LeWI) (Fig. 4,  Table 2 ). Nearly all subsections have experienced a continued decline in white oak dominance within the last 20 years (ranging
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The red oak group was considerably less dominant than the white oak group during the pre-settlement time period, ranging between 10% in the Menominee Eroded Pre-Wisconsin Till subsection (LaWI) to 29% in the Melrose Oak Forest and Savanna subsection (LbWI) in relative dominance (Fig. 4, Appendix A) . As we noted, red oak experienced a mean increase overall between presettlement and previous inventories (Fig. 3) . However, four of the nine subsections experienced a decline in red oak dominance (decreasing by roughly 1-4%; Table 2), including both subsections in Iowa (Mississippi-Wisconsin River Ravines, LcIA; Western Paleozoic Plateau, LfIA) and the most southern (Mineral Point Prairie-Savanna, LeWI) and western subsections (MississippiWisconsin River Ravines, LcWI) in Wisconsin. The remaining five subsections experienced an increase in dominance, ranging from an increase of approximately 3% to 8%, largely experienced by those most northern subsections in Minnesota and Wisconsin (Table 2 ). Our analysis highlights the decrease across all subsections in red oak dominance in the last 20 years ( Table 2 ). The subsections in Minnesota (Mississippi-Wisconsin River Ravines, LcMN; Western Paleozoic Plateau, LfMN) experienced the greatest decrease in red oak dominance (À9% and À10%, respectively), which is notable given that the same subsections in Iowa (LcIA and LfIA) experienced less substantial declines in red oak dominance (À1% and -5%, respectively; Table 2 ).
The hard maple-basswood group was less dominant than oaks overall across the region historically (Fig. 2) , and across most of the subsections, ranging between 1% and 8% in relative dominance across seven of the nine subsections (Fig. 4, Appendix A) . Hard maple-basswood dominance has consistently increased between each time period across these seven subsections, with current relative dominance between 4% and 23% (Fig. 4, Appendix A) . The most substantial increases between pre-settlement and the 1990s occurred in the Mississippi-Wisconsin River Ravines subsection in Iowa (LcIA, 9.3%), the Western Paleozoic Plateau subsections in Minnesota and Iowa (LfMN, 7.7%; LfIA, 7.5%), and the Mineral Point Prairie-Savanna subsection in Wisconsin (LeWI, 6.2%). Between the 1990s and 2000s, major increases in hard maplebasswood dominance continued in LcIA (6.9%), LfMN (5.6%), and LeWI (6.2%). The opposite pattern was found for the two subsections in Wisconsin in which hard maple-basswood was most dominant in presettlement times (Menominee Eroded Pre-Wisconsin Till, LaWI, 20%; Kickapoo-Wisconsin River Ravines, LdWI, 25%) and has since decreased between pre-settlement times and previous FIA surveys (À9% and À3%, respectively), with the Kickapoo-Wisconsin River Ravines subsection (LdWI) in Wisconsin experiencing a continued decline of nearly 2% in hard maple-basswood dominance in the last 20 years (Fig. 4, Table 2 ).
NMS results further illuminated similarities as well as variation among subsections in pathways of change in dominance among species groups over the three time periods (Fig. 5, Table 3 ). Despite differences in pre-settlement conditions among each of the subsections, we found a consistent shift away from white oak dominance and toward other tree species over time (Axis 1) that persisted in more recent time periods for most subsections. Some subsections showed a directional shift toward more red oak dominance in the time period following pre-settlement, with more recent shifts toward hard maple-basswood dominance (Axis 2) and dominance of other tree species groups (Axis 1) in the 10-20 years between previous and current inventories. MRPP indicated a significant difference in community composition between pre-settlement and previous FIA inventories (A = 0.37, t = À9.48, p < 0.001), but no significant differences between previous and current FIA inventories (A = À0.02, t = 0.74, p = 0.76).
Change in the last 20 years according to stand-size class
We evaluated relative dominance of oak species groups and hard maple-basswood across the different stand-size classes by examining current values as well as changes between previous and current surveys. For all species groups the relative dominance within the large stand-size class was very similar to the overall relative dominance for the current FIA surveys (Fig. 6 , Appendix E). Patterns of relative dominance differed from overall values in the medium and small stand-size classes, with generally lower relative dominance values for the oak and hard-maple species groups and an increase in dominance by the other species groups combined (Fig. 6 , Appendix E). Relative dominance of white oak in the small stand-size class ranged from 0% to 8% in eight subsections; the remaining subsection had 20% (Mineral Point Prairie-Savanna, LeWI) relative dominance of white oak.
Relative dominance of red oak in the small stand-size class was similarly low, ranging from 0% to 5% in seven subsections with 13% relative dominance in two subsections (Western Paleozoic Plateau, LfMN; Melrose Oak Forest and Savanna, LbWI). Hard maplebasswood was absent within the small stand-size class in four subsections and reached a maximum relative dominance of 8% in the Mississippi-Wisconsin River Ravines subsection (LcWI) in Wisconsin. The combined group of all other species had greater than 77% relative dominance within the small stand-size class in every subsection, reaching 100% relative dominance in one subsection (Mississippi-Wisconsin River Ravines subsection, LcIA) in Iowa. Comparing changes in relative dominance values in the different stand-size classes between previous and current FIA surveys, we generally found a decrease in dominance of both white and red oak species groups within all the stand-size classes; an increase in dominance of hard maple-basswood in the large and medium stand-size classes; and a decrease in hard maple-basswood in the small stand-size class across most subsections (Fig. 6 ). Other species experienced an increase in dominance across nearly all subsections in each of the stand-size classes (Fig. 6) . Some subsections displayed deviations from these general trends, including the western most subsection in Iowa (Western Paleozoic Plateau, LfIA) with a decrease in hard maple-basswood dominance in the medium stand-size class and an increase in white oak, red oak, and hard maple-basswood species groups dominance in the small stand-size class; this was the only subsection where relative dominance of other species declined within the small stand-size class. The adjoining subsection in Minnesota (Western Paleozoic Plateau, LfMN) also experienced an increase in red oak dominance in the small standsize class. The southern-most subsection in Wisconsin (Mineral Point Prairie Savanna, LeWI) experienced an increase of white oak relative dominance in the small stand-size class (Fig. 7) .
We also noted differences in the magnitude and direction of change within the same subsections but across state boundaries. Hard maple-basswood went against the general trend in the Mississippi-Wisconsin River Ravines subsection in Wisconsin (LcWI), where it displayed an increase in maple-basswood relative dominance in the small stand-size class; the adjoining Mississippi-Wisconsin River Ravines subsection in Iowa (LcIA), however, had the greatest decline of hard maple-basswood relative dominance within the small stand-size class (À15.0%). Similarly, while the Western Paleozoic Plateau subsection in Iowa (LfIA) experienced a decline in white oak relative dominance in the small stand-size class, it differed from its counterpart in Minnesota (LfMN) which had the most precipitous decline of white oak relative dominance (À12.3%). Further examples include the decrease in red oak dominance in the large stand-size class within both subsections in Minnesota (LcMN, À8.7% and LfMN, À13.6%); declines that exceed what are found in the same subsections in Iowa (LcIA and LfIA; À.1% and À5.3%, respectively).
Discussion
Our evaluation of forest change in the Driftless Area of the Midwest documents a substantial shift toward less dominance by the white oak species group across all subsections. While red oak dominance initially increased between pre-settlement and 10-20 years ago, it has subsequently decreased along with white oak more recently, with variation in this general pattern across subsections. We also found a general increase in the dominance of hard maplebasswood in the last 10-20 years, but our further assessment of relative dominance by species group according to stand-size class suggests that many of the subsections may experience a decrease in dominance of hard maple-basswood in the future. Thus, we highlight three key areas for discussion: (1) the shift in relative dominance away from white oak dominance since pre-settlement, and more recent shift to hard maple-basswood and other species, (2) the suggested decrease in hard maple-basswood dominance over time and shift toward other, potentially ''less desirable'', species, and (3) the potential influence of social drivers on the trajectory of forest change across state boundaries.
Decrease in white oak dominance
Our findings point to a significant shift in the relative dominance of tree species groups across the region since pre-settlement, with a notable, widespread decline in white oak relative dominance. Conversely, relative dominance of the other eastern soft hardwoods species group, has exceeded that of white oak, red oak, and hard-maple basswood-the three historically Fig. 6 . Change in relative dominance of species groups within the various stand-size classes between previous and current annual FIA inventories. Previous periodic FIA inventories were carried out in Iowa (1990) , Minnesota (1990) and Wisconsin (1996) . Current annual FIA inventories were conducted from 2006-2010. Stand-size classes are represented by three main classifications, including ''large'' diameter trees >27.9 cm (11 in.) diameter at breast height (dbh) for hardwoods and >22.9 cm (9 in.) dbh for softwoods; ''medium'' diameter trees 12.7-27.7 cm (5-10.9 in.) dbh for hardwoods and 12.7-22.6 cm (5-8.9 in.) dbh softwoods; and ''small'' diameter trees <12.4 cm (4.9 in.) dbh (USDA Forest Service, 2013 Our findings on oak loss parallel insights gained from stand and landscape-level forest surveys in the midwestern and eastern U.S. In these studies, understory competition (Lorimer et al., 1994) , often facilitated by widespread and dispersed high-grading (Kittredge et al., 2003) and a decrease in fire disturbance (Abrams, 1992) , in combination with white-tailed deer (Odocoileus virginianus) herbivory (Rooney and Waller, 2003 , have been suggested as contributing to a decline in oak regeneration and general ''mesophication'' of forests (Nowacki and Abrams, 2008) and homogenization of functional classes, or groupings of plants with similar responses to environmental conditions, has occurred (Hanberry et al., 2012) . As found elsewhere in some areas of the midwestern and eastern U.S. (Whitney and Davis, 1986; Fralish et al., 1991; Nowacki et al., 1990) , the red oak species group was historically not as dominant as white oak in the Driftless Area and was found to increase in dominance following European settlement. We found that more recently, the red oak species group has seen a similar trend as white oak in decreasing dominance, likely due, in part, to continued fire suppression and selective logging that favors later-successional species and species sensitive to fire (Abrams, 2003) . The continued increase in hard maple-basswood and other eastern soft hardwood dominance from pre-settlement to the 1990s and through the 2000s suggests persistent mesophication, which can create conditions that are less prone to fire disturbance (Nowacki and Abrams, 2008) and that favor tree species-such as black cherry-which can outcompete slower-growing oak (Taylor and Lorimer, 2003) . As Abrams (2003) points out, the initial question of ''where has all the white oak gone?'' may be replaced by the question in the future, ''Where have all the oak species gone?'' Although we did not experimentally evaluate the causal factors of forest change, data collected through interviews with natural resource professionals from the Driftless Area are consistent with our findings from the quantitative evaluation of forest change and suggest the importance of interacting drivers of forest change more recently (Knoot et al., 2010) . Findings from the interviews point to local land management decisions (e.g., high-grading) that were thought to benefit shade-tolerant species and hasten the loss of oak, while broad-scale factors, such as timber market prices and land parcelization, support such decisions (Knoot et al., 2010) . Thus, in this region that is predominately privately owned, concern exists that these social and economic driving factors will persist and white and red oak species groups will continue to decrease throughout the region, with detrimental impacts on associated species diversity (Rodewald and Abrams, 2002; Rogers et al., 2008) and other ecosystem services provided by oaks.
Continued shift to ''other'' species
A shift toward hard maple-basswood and away from oak-dominated timberland could have ecological ramifications, such as a decrease in songbird diversity (Rodewald and Abrams, 2002; Wood et al., 2012) . However, further findings from interviews with natural resource professionals suggest that an increase in the extent of the hard maple-basswood forest type can be viewed by some as advantageous due to a generally strong timber market for sugar maple; yet a shift toward other species, such as elm and ash was considered undesirable (Knoot et al., 2010) . Through our analysis, we found an increase across most sections in the overall dominance of hard maple-basswood (Table 2) , but a decline in the proportion of hard maple-basswood in the small stand-size class through much of the region more recently (Fig. 6) suggesting that this species group may contract in the future. Moreover, recent climate change models point to a decline in suitable conditions for sugar maple, as well as northern red oak (Q. rubra, L.), in the region (Prasad et al., 2007) . Instead, under these climate scenarios, other tree species, such as elm and ash may have a stronger future in the Driftless Area. However, the likely spread of the emerald ash borer (Agrilus planipennis) (Poland and McCullough, 2006) and continued impact of Dutch elm disease on mature American elm (Ulmus americana L.) trees (Parker and Leopold, 1983) could restrict the continued expansion of these species and may lead to increased prevalence of exotic species and novel species compositions (Rogers et al., 2008; Schulte et al., 2011) . Climate change models also suggest an expansion in the habitat appropriate for some oak species within the white oak group (Prasad et al., 2007) . Findings from a recent study by Nowacki and Abrams (2014) , in which the authors evaluated the relative influence of climate and disturbance on forest composition in the eastern U.S, suggest the dominant role of a reduced disturbance regime. A continued decline in the dominance of white oak would decrease the potential for natural regeneration of future oak forests, thus questioning whether some oak species could indeed maintain or increase dominance despite favorable climate conditions, especially in the absence of adequate disturbance.
Variation across state boundaries
The subsection-level boundaries we used in our study reflect regions with similar environmental conditions (Cleland et . Change in relative dominance of four main tree species groups within the small size class (<4.9 in. dbh) between previous and current annual FIA inventories. Previous periodic FIA inventories were carried out in Iowa (1990) , Minnesota (1990) and Wisconsin (1996) . Current annual FIA inventories were conducted from 2006 to 2010.
1997). Regional variation in forest composition is often attributed to spatial variation in environmental factors, such as soil moisture, topography, disturbance and climate (Iverson et al., 1997; Fuller et al., 1998; Hessburg et al., 2005; Hanberry et al., 2012) , as well as land use history Schulte et al., 2007; Thompson et al., 2013) . For example, in our study region, the environmental factors, soil texture, topographic roughness, and distance from waterways, have been found to be associated with pre-settlement tree species cover and vegetation structure (Shea et al., 2014) . Fire frequency also likely served an important role in shaping the composition and configuration of these historic cover types found (Hanberry et al., 2012; Shea et al., 2014) . Thus, variation in forest composition between subsections may be expected given differences in environmental factors and disturbance regimes across the region; however, we hypothesized that the direction and magnitude of forest change would be similar for subsections that are intersected by state boundaries. We found that the magnitude of change in dominance of some species groups varies across state boundaries, a finding which underscores the likely influence of socioeconomic and policy forces on forest change. For example, the decline in red oak dominance within the western most subsections in Minnesota (LcMN and LfMN) is notably greater than in the same subsections in Iowa (LcIA and LfIA). Fei et al. (2011) , in their study of the change in oak abundance in the eastern U.S. between 1980 and 2008, also identified unexpected differences in the trajectory of change across state boundaries, which they suggest may be related to past or current socioeconomic factors that are driving such differences. In our study region, given that most of the forestland in the region is privately owned, variability in forest change experienced more recently across state boundaries may be associated with the availability of different forest management programs that encourage active forest management by private woodland owners (Kilgore et al., 2007) . Further research is needed to better understand potential socioeconomic factors that may help explain differences in the magnitude and trajectories of change found across state boundaries. Given the notable changes found to occur within the last 10-20 years, our data suggest that if we are to retain oak then timely development, implementation, and assessment of forest policies that encourage oak regeneration are needed. An example of such a targeted approach includes a recent USDA Natural Resources Conservation Service's Driftless Area Landscape Conservation Initiative, in which landowners are provided funding support for actions that reduce erosion, enhance woodland biodiversity, restore prairies and oak savannas, and restore cold water streams (USDA NRCS, 2013). Landowner management of existing woodlands considered to be of high potential for oak regeneration (i.e., at least 25% oak canopy, significant advance regeneration, on south-or southwest slopes) is prioritized in this initiative through a ranking process. This example program targets management where landowners may be most successful at regenerating oak. However, an evaluation of the immediate and long-term impact of such programs at encouraging more widespread oak management on private lands and shifting current trajectories of forest change is essential. Moreover, our findings suggest that some subsections within the region are experiencing greater declines in oak dominance and shifts toward other species, while other areas appear more stable, highlighting an opportunity to use this information to explore different policy approaches and potential impacts of these decisions.
Conclusion
Since Euro-American settlement, oak species in the Driftless Area of the Midwest have experienced a decline in dominance, which appears to have persisted over time. In addition, the trajectory of forest change reveals that tree species group dominance has shifted toward more shade-tolerant tree species groups and potentially less desirable timber species, such as ash (Fraxinus spp.) and elm (Ulmus spp.). Spatial variation in the pattern of change was notable, likely due in part to environmental factors. Such findings parallel similar results from studies assessing forest change in the midwestern and eastern U.S. Yet, we also identified differences in the direction and extent of change in the last 10-20 years across state boundaries. This pattern suggests that socioeconomic and policy factors may have played a role in driving forest change during this relatively short time period of analysis. Through previous interviews with natural resource professionals from the region, it has been found that while oak is still a highly valued tree species group, the social and economic challenges associated with managing for oak have led some professionals to accept a shift toward shade-tolerant species such as sugar maple (Knoot et al., 2010) . However, our assessment of changes in forest composition since Euro-American settlement, combined with recent climate change projections, suggests that shifts toward potentially less desirable species may be more likely in some portions of the region. Therefore, dialog among key forest stakeholders is needed to develop and evaluate appropriate, targeted, and timely mechanisms that can halt and potentially reverse shifts toward ''undesirable'' forest system conditions.
